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INTRODUCTION

Ocular trauma during military conflicts has steadily increased from 0.5% in
the civil war to 13% in present day. This increase is likely associated with
the advancement of weaponry and the increased use of explosive devices.
The majority of eye injuries from an explosion can be classified as either
open globe or closed globe. Open globe injury is often readily identifiable
and typically undergoes urgent surgical repair. However, closed globe injury
may not be detected immediately and can result in a series of sequelae that
lead to visual dysfunction months after the blast. The progression of closed
globe eye injury and visual degradation following blast exposure has not
been well characterized. Furthermore, it is unknown if there are early
indicators that denote an increased risk for developing visual dysfunction
following blast exposure. Therefore, the objectives of this proposal are to
investigate the temporal progression of eye injury from blast exposure and
identify early predictors of visual dysfunction. We propose to accomplish
these objectives by first identifying the probability of military personnel
developing visual system injury after blast exposure, and determining the
time point after blast exposure that visual system injury becomes
identifiable. Next, we propose to systematically evaluate the time course of
visual system injury from blast exposure using our existing rat model for
blast traumatic brain injury. From these experimental studies we can identify
early predictors of visual dysfunction. Finally, we will evaluate these early
predictors in a clinic setting to verify their usefulness in real-world scenarios.
By understanding the temporal and chemical progression of eye injury from
blast exposure, we can establish early identifiers of visual system injury.
This will enhance our diagnostic capabilities and lead to the development of
time-dependent treatment strategies to mitigate the loss of vision in military
personnel.

KEYWORDS: blast, vision loss, biomarkers, pressure, ocular trauma, animal
model, clinical study



OVERALL PROJECT SUMMARY

Aim 1: Investigate the progression of visual system injury in service
members exposed to a blast.

Current Objectives

e Complete a retrospective analysis of the military personnel with visual
system injury attributed to blast exposure but not immediately
identifiable at the time of the blast. (SOW 1)

e Use the data to identify the probability of eventual visual system injury
from blast exposure with and without an associated traumatic brain
injury. (SOW 2)

e Statistically determine the time after the blast exposure that visual
dysfunction is identifiable. (SOW 3)

e Identify local cases of military personnel with exposure to blast injury
and no identifiable signs or symptoms of visual injury (SOW 4)

Key Methodology

University of Utah health records were searched for the following ICD9
codes: E993, E921, E923, E803, E837, E993.4, E890.0, E923.9. These ICD9
codes involve injuries from multiple types of explosions. The target date
range was from 2005 to present. Inclusion criteria for this study are (1) No
obvious sign of open globe trauma (e.g, facial burns, shrapnel to the eye,
etc.) (2) Eye examination following blast exposure. Our control group
consists of people involved in other traumatic injuries that would not affect
the visual system (e.g., accidental or inflicted trauma to the extremities or
torso without an associated head impact).

Medical records will be evaluated for information that may provide insight
into the severity of the blast. Any history associated with the blast exposure
will be investigated for signs of stand-off distance, height of the explosive,
and the type of the explosive. In addition, injuries related to the initial blast
exposure will be identified and given an assessment score based on the
Abbreviated Injury Scale (AIS) which is an anatomical scoring system for
classifying the severity of the injury. An increased injury severity score will
be assumed to indicate an increased severity of blast exposure. To maximize
efficiency with data collection, we have designed a database within REDCap
at the University of Utah. REDCap is a secure, web-based application for
building and managing online surveys and databases. This database also
allows us to share data with all the IRB approved investigators on the grant.
The data entry form created for the database is provided in Appendix A.

All statistical analyses will be performed using SAS statistical software
(JMP 10.0, Cary,NC). Descriptive and univariate analyses will first be
performed to identify the occurrence of delayed visualsystem injury after
blast exposure. Of the cases with delayed visual system injury, the time
between the blast exposure and diagnosis will be collected. Significant
differences with age, gender, the presence of absence of traumatic brain
injury, and blast severity will be evaluated. Statistical significance will be set




at a p-value of < 0.5. Logistic regression will also be used to determine the
probability for developing visual system injury following blast exposure given
age, gender, blast severity, and the presence/absence of traumatic brain
injury. In addition, a survival analysis will be performed using Cox’s
proportional hazards regression model to determine the time post blast
exposure that visual system injury is most likely to be identified. Multiple
regression analysis will be used to determine the effect of participant age,
gender and blast severity on the survival analysis.

Results

The retrospective review at the University of Utah resulted in 535 unique
medical records. Table 1 provides demographics for the cases. The majority
of these (n=431) did not have a record of an eye exam and have been
excluded from the study. Another subset of cases (n=75) were eliminated
from the study due to open globe trauma. These include corneal abrasions,
corneal lacerations, corneal burns, and foreign body to the eye. We have
elected to keep one case of corneal abrasion because it resolved and there
was a follow-up exam monitoring vision. The remaining 29 cases are
currently being evaluated for details regarding each of the events to
determine whether they meet the remaining criteria of the study or will be
excluded. Data collection is ongoing, so no statistics have been performed to
date.

Gender
Male (81.5%) 436
Female (18.5%) 99
Age
Mean 33.6x£17.5 years
Min 3 months
Max 88 years
Race
American Indian/Alaska Native 0.7% (4)
African American 0.6% (3)
Hispanic or Latino 9.5% (51)
Native Hawaiian/Pacific Islander 0.9% (5)
Caucasian 62.4% (344)
Unknown 24.9% (133)
Other 0.4% (2)
Common Causes
Fireworks 15.7% (84)
Propane-related explosion 11.4% (61)
Smoking while on oxygen 3.9% (21)
Cooking incidents 3.6% (19)
Gun-related incidents 3.0% (16)
Tire explosion 2.8% (15)

Table 1. Demographics of civilians treated for injuries related to an explosion.



Progress and Accomplishments

The retrospective review of the University of Utah records is nearly
complete, but resulted in minimal viable records. A similar review will be
performed at the VA hospital in Salt Lake City. IRB and HARPO approval for
this review has been obtained. The Pl met with the polytrauma group at the
VA to inquire about their medical records regarding blast victims. The group
maintains a large (—2000) database of veterans exposed to a blast. All
members in the database get eye exams. They have agreed to allow us
access to their database after we have obtained clearance through the VA.
This clearance process was started June 2014. It should be complete by Oct.
3, 2014. After this approval, we will access the VASLC database and
continue the review. As soon as the retrospective review of the VA records is
complete, statistical analysis will commence.

IRB applications for the prospective portion of this study (SOW 4) is
nearly complete and will be submitted in October 2014.

Aim 2: Investigate the progression of visual system injury following
blast exposure in an animal model and identify early indicators of
visual dysfunction.

Current Objectives

e Manufacture new blast device with enhanced mach stem overpressure
capabilities. (SOW 1)

e Establish randomized testing protocol for 12 experimental groups: 4
severities of blast exposure (140kPa, 260kPa, 450kPa, Control) each
with 3 survival periods (1 day, 1 wk, 4 wks). (SOW 2)

e Complete experimental studies investigating temporal changes of
visual system injury from blast exposure. (SOW 3)

e Complete Animal OCT and behavior studies to test visual function on
all animals prior to blast exposure and at 1 day, 1 wk or 4 wks post
injury (SOW 4)

e Complete histology for ocular injury from blast exposure. (SOW 5)

Key Methodology

To verify that our experimental design will result in a low mortality rate,
the low blast level was evaluated first before proceeding to the high blast
level. Briefly, adult Long Evans rats were administered carprofen one day
before the blast for pain management. A baseline of vision functionality was
established before the blast using the custom optokinetic tracking device we
developed in Year 1 (Figure 1A). For increased accuracy, each animal is
tested three times on each testing day and an average acuity is used for the
final measurement.

On the day of the blast, the animal is anesthetized using inhaled
isoflurane followed by an injection of ketamine and dexmetomedine
administered IP. The anesthetized animal is placed in the custom rat holder
also designed in Year 1 (Figure 1B) to provide a side-on blast exposure




while preventing injury to the animal torso. After blast exposure, the animal
is removed from the device, allowed to recover from the anesthesia, and
then returned to the animal facility. While animals do not show signs of pain
following the blast exposure, carprofen is administered the next day as a
precaution. The vision metrics (vision behavior, OCT) are then repeated the
day after the blast and every subsequent week following the blast until
sacrifice. At sacrifice, the eyes and brain are harvested for later analysis. As
detailed in the Year 1 annual report, the length of the survival period was
increased to 8 weeks and the number of blast levels investigated was
decreased to three.

Animal Holder

Figure 1. (A) Custom
optokinetic device designed to
test visual acuity in rats. (B)
Rat mounted in the shock tube
for side-on blast exposure.

In addition to monitoring retinal thickness over time, we have added an
evaluation of the corneal damage following blast exposure. Corneal damage
will be assessed by measuring corneal thickness via OCT, with flourescein
staining, and with indirect examination by a resident ophthalmologist. For
OCT image analysis, we have developed two MATLAB image processing
programs to evaluate the thickness of the retina and the cornea. The retina
image processing program automatically measures the thickness of the
retina and RPE layers as shown in Figure 2. Thickness of both the retina
and RPE was measured for every pixel column and then averaged across the
image. The average for each image was then averaged with other images in
the same retina region. The regions are defined in relation to the optic
nerve: superior medial/distal (SM/SD), inferior medial/distal (IM/1D), nasal
medial/distal (NM/ND), and temporal medial/distal (TM/TD).

Figure 2. (A) Optical coherence tomography (OCT) is used to monitor changes in the retinal
thickness. (B) The thickness of the RPE and retina are averaged across regions defined by a
radial pattern around the optic nerve of the eye.



The corneal thickness program is semi-automated. Each frame of an OCT
region is presented and a user selects a non-noisy region of the cornea to
analyze (Figure 3). The thickness of cornea was determined across the
entire cornea by calculating the distance of every pixel point on the top of
the cornea image to the corresponding point on the bottom edge. Pixel
distances are converted to millimeters. An average thickness was
determined for each frame. Subsequent frames from the same eye are
analyzed and all the frames for a single cornea are averaged.

Figure 3. (A) Optical coherence tomography (OCT) is used to monitor changes in the
corneal thickness. (B) A custom image processing script removes any skew from the original
OCT image and then creates a binary image of the cornea. Thickness is averaged across the
entire cornea for each frame.

Results

To date, 54 animals have been evaluated at low blast pressures. Two of
these animals were used to determine the effect of the blast on intraocular
pressure (IOP). We have had no mortalities to date and are currently making
preparations to shift to the higher pressures. In the animals tested to date,
there was a significant initial drop in visual acuity from rats exposed to a
blast compared to controls. Over the period of 8 weeks, the acuity did not
continue to get worse, but it also did not recover to baseline levels (Figure
4). In fact, the visual acuity from control animals appeared to improve
slightly, likely due to increased familiarity of the animals with the optokinetic
device and less distraction by their surroundings during testing.

Retinal thickness was normalized to baseline values and compared with
controls for 8 weeks. In several regions, there appeared to be a slight
thickening of the retina at week 2 (Figure 5). This thickening resolved,
however, by week 8. Additional data needs to be analyzed to validate this
trend with statistical significance. The program was unsuccessful in
extracting thickness in lower quality images. These images are currently
being evaluated by hand to estimate retinal thickness.

Evaluation of corneal injury was added later in the study and only a
limited number of animals have been evaluated to date. In this limited data
set, there does not appear to be any change in corneal thickness (Figure 6)
within 1 day after injury, however, the single animal analyzed 1 week post
injury had a substantial thickening compared to baseline. Interestingly,



fluorescein staining shows some indication of corneal damage (Figure 7).
Eye exams by an ophthalmologist will be added to future studies to better
determine injury to the cornea.
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Figure 4. Behavior test results from 26 control and 26 low-level blast animals. *indicates
significant differences between control and animals experiencing a low-level blast pressure
(p<0.05).
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Figure 5. Representative graph of the retinal thickness normalized by baseline values.
Several regions appeared to have a slight thickening after two weeks that resolved around 7
weeks. Additional data needs to be collected to validate observational trends with statistical
significance.
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Figure 6. Early analysis of corneal thickness following blast exposure. This analysis was
added mid-study, so only a limited number of animals have been complete (n=3 each 1 Day
group; n=1 for the 1 week group). Additional animals (n=15) are currently being analyzed.
All of the high blast pressure animals will be evaluated for corneal injury.

Figure 7. Representative graph of the retinal thickness normalized by baseline values.
Several regions appeared to have a slight thickening after two weeks that resolved around 7
weeks. Additional data needs to be collected to validate observational trends with statistical
significance.



Progress and Accomplishments

At the end of the previous funding year, we were modifying the device to
decrease the decibel levels reported by the University’s Environmental
Health and Safety. The modifications included the design and construction of
a silencer and dump tank. The final design is shown in Figure 8. A steel
barrel lined with 2” of acoustic foam was selected as the dump tank. It
surrounds a rubber barrel lined with foam composite. The steel barrel is
allowed to recoil on a cart, absorbing energy of the pressure wave. Recoil is
limited to small motions by placing 2”x4” blocks behind the cart wheels. The
silencer was designed so that it did not introduce changes to the blast
profile. This was verified during preliminary tests which show the
overpressure of the reflected wave utilizing the new silencer/dump tank
design is still less <20% of the magnitude of the primary shock wave and is
after the negative phase.

= —f Figure 8. (Left) Inner silencer
' il assembly completed during Q4
of Year 1. (Right) Final silencer
B assembly with the outer steel

W= drum completed Q1 of Year 2.
The device successful reduced
sound below Environmental
Health and Safety limits, but
still creates a Friedlander wave
profile with minimal reflection.

In preparation for the high blast level studies, all pressure regulating
components have been upgraded to handle 280 psi. The upgrade included
replacements to the solenoid air valve, pressure tubing, tube fittings, air
supply hose, and secondary pressure regulator. After the upgrade was
completed, it was discovered that high driver pressures caused premature
release of pressure because the membranes were pulling out from the grip
of the driver and driven sections. Changing membrane materials did not
solve the problem. Therefore, custom clamping plates were designed to
better grip the membrane (Figure 9A). The new plates are in the process of
being tested. Thus far, they have been able to withstand driver pressures up
to 135 psi. The driver pressure is typically 3 times larger than the pressure
experienced by the animal. Therefore, the goal is to achieve 195 psi.

There is some concern that the animals might be receiving complex
loading schemes involving both blast pressure and head acceleration. To
verify this is not happening, 2 changes to the system were recently made.
First, linear accelerometers were placed on the mount to measure vibration.
Even without the additional weight of the animal, the maximum
displacement of the mount is < 0.5 mm. Second, the end section of the
shock tube was replaced with a clear PVC tube (Figure 9B). In the future
high blast pressure studies, a high-speed video camera will be used to
record head motion during each blast test.



Figure 9. (A) Clamping plates designed to better grip the membranes during high pressure.
(B) A clear PVC pipe now surrounds the blast impact area to monitor head motion during the
blast.

Aim 3: Identify changes in vitreous protein expression that correlate
with visual system injury

Current Objectives

e Collect vitreous samples following every animal experiment in Aim 2.
(SOW 1)
e Assay samples for NfH, VEGF, IL-10, MCP-1, and MIP-3 (SOW 2)

Key Methodology

The vitreous from half of the animals in each group were evaluated for
biomarkers of ocular trauma. VEGF and other cytokines are measured using
a commercially available antibody array (RayBio Rat Cytokine Antibody Array
G, RayBiotech, Norcross, GA). Signal intensities are be evaluated using an
ELISA plate reader at an excitation frequency of 532 nm. Positive and
negative controls in the array allow comparison between different array
analyses. All samples are tested in duplicate on a single plate and the
average intensity is recorded for statistical analysis. To evaluate changes in
neurofilament-heavy chain (NfH) following blast injury, a method similar to
that presented by Petzold et al. is used will be used. All samples are tested
in duplicate on a single plate and the average intensity is recorded for
statistical analysis.

Results

Currently, eyes from 24 animals have been analyzed. The remaining eyes
are being stored in a -80°C freezer as assays are more economically
performed in batches of 24. Figure 10 shows average results from the
cytokine and NfH analyses. Statistical comparison is impractical at this point,
but looking solely at trends it appears that Ciliary Neurotrophic Factor
(CNTF) is decreased 1 week after the blast and then returns to baseline
levels. VEGF appears to be increased at 1 week post blast and then returns
to baseline levels. These changes occur in the contralateral eye instead of
the ipsilateral eye. A similar pattern is found for both eyes with NfH. NfH is
increased 1 week post injury and resolves at 4 weeks. Accompanying
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pathology for these eyes will help elucidate the injury patterns in both eyes
of the animal.

Contralateral Eye Ipsilateral Eye

Figure 10. (A-B) Cytokine assay results in
the contralateral and ipsilateral eye following
o2 blast exposures. Protein changes appear to

occur 1 week post injury, but resolve at 4

+0ay contral weeks. (C) NfH ELISA assay results show a
1wk Low similar trend with an increase in NfH in both

] o ) e eyes 1 week post injury that resolves back to
baseline values at 4 weeks.

Contralateral Ipsilateral

Progress and Accomplishments

We have purchased equipment and developed all the methodologies
necessary to analyze the vitreous samples we have been collecting. The
equipment includes an orbital shaker, micro-centrifuge, microarray scanner,
hot plate, micro-titrate plates, buffers, and the necessary chemicals to run
the tests. This includes the purchase of positive and negative control
proteins for the ELISA. The control proteins are used to create standard
curves to calibrate protein concentrations. Preliminary testing was performed
on donor eyes to validate the biomarker assays methods (Figure 11). An
image processing algorithm was written to analyze the data from the assays.
The micropipette used in these tests was sent out for calibration that
resulted in some delays with the biomarker testing, but we should be on
track to complete the studies in a timely manner. Eyes will continue to be
collected and analyzed in batches of 24.

11
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Figure 11. Validation of cytokine (A) and NfH (B) assays with donor rat eyes from non-
trauma related studies. Positive decreasing values in (A) validate the cytokine test. NfH
correctly identified in control animals. Injury will increase NfH absorbance.

KEY RESEARCH ACCOMPLISHMENTS:

¢ ldentified immediate decrease in vision following a low-level blast
exposure that remains steady until 8 weeks post injury. This was
significantly different than control animals which actually improved
with time.

e Potentially identified corneal damage from blast pressure only. This
finding was unexpected and will be explored in more detail with the
high blast studies.

CONCLUSION: The successful completion of the studies proposed in this 4
year project will form the basis for understanding the temporal and chemical
progression of visual system injury following blast exposure. In the first
year, all the infrastructure and product development was completed to
successfully achieve the stated goals of the study. In Year 2, all the clinical
and experimental work is underway. Several modifications to the blast
device will enhance the future high pressure studies. Data from the animal
studies has resulted in some interesting findings regarding visual acuity and
corneal injury. These findings will be pursued further in Year 3. Once
completed, the results from these studies will expand our understanding of
the time-dependent response of the visual system to blast, and help identify
potential avenues to mitigate vision loss from blast exposure.

PUBLICATIONS, ABSTRACTS, AND PRESENTATIONS
Abstract & Presentation

Shedd DF and Coats B. Temporary visual dysfunction following low-level
blast exposure. 7" World Congress of Biomechanics. Boston, MA July 2014

Book Chapter
Asked to contribute a chapter on military related ocular trauma. This chapter
is currently in progress. An official citation will be created in the next annual

report.
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INVENTIONS, PATENTS AND LICENSES:
Nothing to report.
REPORTABLE OUTCOMES:

e Silencer and dump tank developed for 12” diameter shock tube.
Results in minimal change to the resulting pressure profile and results
in a 15% reduction in decibel level.

e Designed a clamping system to pressurize shock tubes to high
pressures and reduce early membrane failure.

e Developed semi-automated image processing tools for analyzing the
thickness of the retina and cornea from OCT data.

e Developed automated image processing tools for analyzing cytokine
biomarkers and NfH protein assays.

OTHER ACHIEVEMENTS:

The work from this project has resulted in collaboration with Dr. Barbara
Wirostko, an ophthalmologist with a SBIR Phase | grant from the same
funding body. Dr. Wirostko is developing biofilms that can be placed in the
eye for drug delivery. Given the recent potential corneal injury findings, we
are developing plans to use the animal model as a platform to evaluate the
drug treatment. We have also discovered that our mechanical engineering
and design expertise and tools are useful to enhance the design process for
her biofilms. We will be integrating the equipment, tools and methods we
have developed in this proposal into Phase 2 of her SBIR.

REFERENCES:

Petzold et al. A specific ELISA for measuring neurofilament heavy chain
phosphoforms. Journal of Immunological Methods. 278, 179-190 (2003).

APPENDICES:

Appendix A: Data Collection Form on REDCap
Appendix B: World Congress of Biomechanics Abstract
Appendix C: World Congress of Biomechanics Poster
Appendix D: Brittany Coats (Pl) CV

Appendix E: Quad Chart
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Temporary Progression of Closed Globe Injury from Blast Exposure

.y APPENDIX A - Data Collection Form Page 1 of 4
Initial Pass Data
Record ID
MRN
Gender [1 Male
[] Female
] Unknown
Age at Presentation
Height
(In inches)
Weight
(In pounds)
BMI
Race/Ethnicity [] American Indian or Alaska Native
[] Asian
[] Black or African American
[] Hispanic or Latino
[] Native Hawaiian or Other Pacific Islander
[] White
[] Unknown
[] Other
Other Race
History of Present lliness (HPI)
Date of Presentation
Date of Explosion (if different than admission date)
Burns Present [ Yes
[1 No
Description of Burns
Glasgow Coma Score
HPI Description
Head Injury Diagnosis [] TBI Present
[] TBI Absent

[] No Diagnosis of TBI Recorded

Description of Head Injury Diagnosis

Initial Eye Exam

Fluorescein Administered [1Yes
[1 No

Result of Fluorescein Test

projectredcap.org *EDcap
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Typewritten Text
APPENDIX A - Data Collection Form


Page 2 of 4

Visual Acuity - Right Eye (OD) []20/15
] 20/20
] 20/25
(] 20/30
[]20/40
] 20/50
] 20/70
(] 20/80
[]20/100
[]20/200
[]20/400
[] Count fingers
[] Light perception
[] No light perception

Visual Acuity - Left Eye (OS) []20/15
[]20/20
[]20/25
[]20/30
(] 20/40
[]20/50
[120/70
[]20/80
[]20/100
[120/200
[120/400
[] Count fingers
[] Light perception
[] No light perception

Visual Acuity - Both Eyes (OU) []20/15
] 20/20
(] 20/25
[120/30
(] 20/40
] 20/50
(] 20/70
[]20/80
[]20/100
[]120/200
[]20/400
[] Count fingers
[] Light perception
] No light perception

Pupillary Defect - OD [] Yes
] No (PERRLA)

Description of Defect

Pupillary Defect - OS ] Yes
[] No (PERRLA)

Description of Defect

Extraocular Motility ] EOMI
[] OD deficit
[] OS deficit
[] OU deficit
[] Other

Other extraocular motility findings not listed above

Visual Field Defect- OD [1Yes
[1 No

Description of Defect

projectredcap.org *EDcap
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Page 3 of 4

Visual Field Defect - OS [] Yes
[1 No

Description of Defect

Periorbital Edema Present - OD [] Yes
[1 No

Periorbital Edema Present - OS [] Yes
[] No

Conjunctiva Damage - OD [] Yes
[] No

Conjunctiva Damage - 0S ] Yes
[] No

Initial Ophthalmic Findings - Additional pertinent

findings not discussed elsewhere

Follow-Up Information

Follow-up at Moran [1Yes
[] No
[] Unknown

Exclude from study? [1Yes
[] No

Reason for Exclusion

Need PowerChart Access (chart unavailable in Epic) ] Yes
[] No

projectredcap.org

REDCap
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Follow-Up

Visual Acuity - Right Eye (OD)

Visual Acuity - Left Eye (0OS)

Pupillary Defect - OD

Description of Defect

Pupillary Defect - OS

Description of Defect
Intraocular Pressure - OD
Intraocular Pressure - OS

Visual Field Defect - OD

Description of Defect

Visual Field Defect - OS

Description of Defect
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Title: Temporary Visual Dysfunction following Low Level Blast Exposure

Blast exposure is a leading cause of eye injury for the US Army. Open globe ocular trauma, including shrapnel or
debris to the eye, is easily identified and rapidly treated. Closed globe trauma may not be detected right away, and little
is known about the time course of visual dysfunction following blast exposure. To better understand the mechanisms
behind blast induced vision loss, we have developed a rodent model to characterize the time-dependent changes in
visual acuity after blast exposure. To assess visual acuity in rodents, a custom vision behavioral device was built to
measure the threshold for the natural optokinetic nystagmus reflex. The test animal is placed in the center of the device
and a cylindrical sine wave grating is displayed on four surrounding computer monitors. The grating rotates around the
animal, which causes the animal to reflexively track the grating motion with head movements. The level of grating
contrast at which the direction of drift is correctly tracked by the animal represents the level of functional visual acuity.
An increase in visual acuity indicates a decrease in vision functionality. For the present study, anesthetized Long-Evans
rats were exposed to 230 kPa pressure waves using a compressed-air shock tube. Control animals were anesthetized
and placed in the shock tube, but no pressure wave was activated. Visual acuity was assessed three times in each animal
at three time points: before blast exposure, one day after exposure, and one week after exposure. Relative to baseline
measurements, animals exposed to the blast pressure wave had a significant increase from visual acuity one day after
the blast and then returned to pre-injury levels one week after the blast. No increase was found in control animals. This
suggests that a low level blast may cause temporary visual dysfunction, but it is not sufficient to cause long-term injury.
Future studies will investigate visual functionality at more severe levels of blast exposure and for later time periods
after blast exposure.
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TEMPORARY VISUAL DYSFUNCTION FOLLOWING
Low LEVEL BLAST EXPOSURE
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UNIVERSITY
OF UTAH

Introduction

Blast exposure is a leading cause of eye injury for the US Army [1].
Typically, ocular injury occurs from explosive shrapnel and debris, but
recently many soldiers have developed vision deficits 6-12 months
following a blast exposure without any signs of injury [2]. Closed globe
trauma may not be detected right away, and little is known about the time
course of visual dysfunction following blast exposure. To better
understand the mechanisms behind blast induced vision loss, we
developed a rodent model to characterize the time-dependent changes in
visual acuity after blast exposure using behavioral vision testing and
optical coherence tomography (OCT).

Anesthetized Long-Evans rats (300-350g, n=12) were exposed to 230 kPa
pressure waves using a compressed-air shock tube (Fig. 1). Control

animals (n=12) were anesthetized and placed in the shock tube, but no
pressure wave was activated. Animals were euthanized at 1 day, 1 week,
4 weeks, or 8 weeks post-blast.
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Fig. 1. (A) The 6” experimental shock tube was triggered via rupturing BOPET
membranes and instrumented with 1 MS/s pressure sensors (PCB 113B26) along the
length of the driven section. (B) Animal placement within shock tube. (C)
Representative filtered pressure profile used to apply blast insult. Comparison to ideal
Friedlander waveform shown. R2 = .92

A custom vision behavior device (Fig. 2) was built to measure the visual
acuity threshold using the optokinetic nystagmus reflex. Test animals were
placed in the center of the device and a cylindrical sine wave grating was
displayed on four surrounding computer monitors. The grating rotated
around the animal, which caused the animal to reflexively track the grating
motion. The grating contrast at which the direction of drift was tracked by
the animal represented the level of functional visual acuity (Fig. 3). Visual
acuity was assessed three times in each animal at up to eight time points.
A two-tailed matched-pair test with p=.05 was used to find significant
vision changes. OCT imaging (Fig. 4) was performed using Bioptigen
Envisu™ R2200 OCT scanner with an ultra-high resolution (UHR) light
source and a rat retina lens. The scan settings were: 1000 A-scans per B-
Scan, 100 B-scans over a field of view of 2.6 mm by 2.6 mm. Images were
processed and analyzed using MATLAB [3] to find total retinal thickness

and RPE thickness. E E
More information about the Utah Laboratory of Pediatric Injury Biomechanics
is available at our lab website: pedtrauma.mech.utah.edu E

Daniel F. Shedd and Brittany Coats, PhD
Mechanical Engineering, University of Utah, Salt Lake City, U

Figure 2. Visual acuity behavior test device
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Fig. 3. Representative plot identifying visual acuity in a
rat following blast exposure.

Fig. 4. Representative B-scan centered at optic nerve
head (ONH). Total retinal thickness and RPE thickness
were extracted across retina width and averaged. For
the purposes of analysis, RPE included the
photoreceptor inner/outer segments.
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Fig. 5. Change in contrast threshold from baseline over time for
control and low-level blast-exposed animals. * p<.05
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Fig. 6. Thickness of retinal layer over time, representing blast
animals (n=3) and control animals (n=3). All data was gathered
from eyes ipsilateral to blast insult. No significant trends were
found.

Conclusions

« Blast-exposed animals exhibited decreased visual
acuity at one day, two week, three week, and four
week time points as measured by behavior testing.

Control animals exhibited unchanged visual ability,
with the exception of increased visual ability at three
week and six week time points. This may be due to
increased comfort with the behavior system.

Retinal thickness did not significantly change in
either group at any time point.
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International Conference on SBS/AHT. Denver, CO. September 2014*

Understanding mechanisms of retinal hemorrhage through experimentation, mechanical testing, and
imaging. 14" International Conference on SBS/AHT. Denver, CO. September 2014*

Microscale finite element modeling and optical coherence tomography imaging of the pia arachnoid
complex. 7" World Congress of Biomechanics. Boston, MA. June 2014.

Modern research on retinal hemorrhages in abusive head trauma. Abusive Head Trauma Conference.
Burlington, VT. June 2013* (declined due to scheduling conflict)

Finite element modeling in research and education. ANSYS Medical Device Forum. Salt Lake City, UT.
October 2012*

Progress toward understanding mechanisms of retinal hemorrhage. 12" International Conference on
SBS/AHT. Boston, MA. September 2012*

Predicting injury in pediatric head and eye trauma: Combining simulations and databases. Department of
Biomedical Informatics, University of Utah. Salt Lake City, UT. September 2012

Abusive head trauma: a case, a confession, and the biomechanics involved. Trauma Research and
Education Meeting. Trauma Department at Primary Children’s Medical Center. Salt Lake City, UT.
December 2010

Using biomechanics to understand SBS/AHT. 11th International Conference on SBS/AHT. Atlanta, GA.
September 2010.*

What biomechanics has taught us about pediatric TBI. Ground Rounds Seminar. Department of Pediatrics
at Primary Children’s Hospital. Salt Lake City, UT. February 2010.*

Using biomechanics to elucidate mechanisms of retinal hemorrhages in children. Ground Rounds Seminar.
Department of Ophthalmology at Moran Eye Center. Salt Lake City, UT. October 2009.*

Biomechanics of pediatric head and eye injury in accidental and inflicted trauma. Department of
Mechanical Engineering at University of Utah. Salt Lake City, UT. July 2009.
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Ocular hemorrhages in single, non-impact had rotations: a porcine model. Penn State College of Medicine.
Jackson Hole, WY. June 2009.

Biomechanics of brain, skull, and eye injury in abusive head trauma. Cole Eye Institute and Cleveland
Clinic Lerner Research Institute. Cleveland, OH. December 2008.*

Mechanics of head impact in infants. CNS Seminar. Department of Neurosurgery at the Hospital of the
University of Pennsylvania. Philadelphia, PA. September 2007.

Biomechanics in pediatric head injury. Summer Academy in Applied Science and Technology.
Philadelphia, PA. August 2007

Using computational models to predict skull fracture in the infant. Penn State College of Medicine.
Hershey, PA. July 2007.

Head injury biomechanics in infants. Department of Mechanical Engineering at Virginia Tech. Blacksburg,
VA. March 2007.*

Predictions of skull fracture in infants. Center for Brain Injury Research. Philadelphia, PA. November
2006.*

Mechanics of head impact in infants. CDC New Investigator Workshop. Atlanta, GA. May 2005.*

Characterization of pediatric porcine skull properties during impact. International Research Council on the
Biomechanics of Injury. Lisbon, Portugal. September 2003.
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